ABOUT FORGE NANO

= [eader in Atomic Layer Deposition (ALD)

= Conformal nano-coatings
= On powder substrates

= On wafers & complex 3-D substrates

= Focus on innovative materials solutions

= Offering tools and service from R&D to
Commercial scale (milligrams-kilotons)

Developing new products with partners
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Wetting with Electrolyte:
ALD on Anode & Cathode powders: PROGRESS:

- ORNL pouch cells validates data
from FN coin cells Thermal Stability: % Shrinkage (1hr, MD
- ALD improves C-rate, Stability 120,135,150 C, uncoated vs.10-200 ALD cycles
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ALD on Separators: 1.2 M LiPF6 in EC/EMC 3/7 wi
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* |[mproved wetting, formation, aging

- Reduced time/energy
 Thermal stability - Improve Safety

ALD on Anode+Cathode powder: Better
Fast Charge Cycle Life 4.2V, 4C/-1C

ALD Enables XFC of NM(C811
>11% Capacity Increase @ 800 Cycles
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Forge Nano Headquarters
12300 Grant St, Suite 110

Thornton, CO 80241
+1.720.531.8996
www.forgenano.com

Separators testing:
Celgard 2400

VS.

Celgard 2400 with ALD

Flexible substrate

Web direction

Web guide

Spatial ALD drum
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Separator Goals
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FN SCALING: ALD on Powders ALD Benefits:

“Lithos”

g semibatch = Cathodes: NMC, NCA,
TSR on LMNO, LCO, Sulfur, etc.

10-100 kg batches

“Prometheus”
Fluidized Bed
10 ml—1 L batch size

Average Pore size

VS.
Ceramic particle coated
(nano alumina) - thicker

Arrelaine Dameron, Barbara Hughes, Markus Groner, Madison Martinez, Jessica Burger,
Drew Lewis, James Keene, Maxwell Rodgers, James Ragonesi

4

as uncoated

Mominally the same

Thermal Stability

<1 % shrninkage/90°C

L5t

Shutdown
Temperature

Manufacturing
Speed

50 m/min

< 50.60/m* (effectiv

105 °C (fully tunable)
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P = Additives, components
“Circe” ~200 kg/h

“Drometheus XL” Continuous

= Separators web coatings

Moisture

Forge Nano:

<150 ppm

4

8 Vibratory Fluidization
4 200 kg/h

Fluidized Bed
500 mi— 10 L batch size

Oak Ridge National Laboratory:

Jianlin Li, David Wood, Kelsey Livingston
Ilias Belharouak, Wheatley Steenman, Ronnie Tao
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